The aim of our research was to study certain microorganisms living in the root areas of plants growing in stressed habitats such as mining sites. In the present study, the distributions of arbuscular mycorrhizal fungi (A.M.F.) spores in the root rhizospheres of certain plants (Onopordum acanthium, Festuca glauca, Euphorbia helioscopia L., Plantago lanceolata L., Salvia officinalis, Mentha pulegium L., Verbascum thapsus L. and Crocus sativus L.) that are prevalent around the Seydişehir Aluminum Plant Bauxite Deposit (SAPBD) were examined along with the infection rates of these spores in the plant roots, and the morphological definitions of these spores were presented. The highest values in the number of arbuscular mycorrhizal spores, arbuscular mycorrhizal infection rate, dehydrogenase, catalase, urease enzyme activities, the total number of bacteria, the vesicle and arbuscule rates, and also the DSE (dark septate endophyte) fungal structures were obtained from the plant Euphorbia helioscopia L., and the soils taken from its rhizosphere. The most prevalent spore species detected in the soils sampled from the Bauxite Mine sampling area were Glomus sp., Acaulospora sp. and Archaeospora sp. Fluctuations were observed in the arbuscular mycorrhizal infection rates of the roots depending on the species of the plants.
Introduction
Fungi play a central role in many microbiological and ecological processes, influencing soil fertility, decomposition, the cycling of minerals and organic matter, as well as plant health and nutrition (Finlay, 2008) . Different symbiotic mycorrhizal associations between plants and fungi occur, almost ubiquitously, throughout a wide range of terrestrial ecosystems. Mycorrhizae are very common in disturbed areas, which indicates their positive role in establishing and building the plant community. There are several studies reporting the role of mycorrhizae in stressed habitats (Kumar et al., 2003) . Furthermore, mycorrhizal associations are essential to the colonization of nutrient-deficient soil heaps left after mining Soil contamination by heavy metals is an issue of major importance in industrialized areas. The detrimental effects of heavy metals on soil's biochemical and biological properties have been reported in the past and microbes are the pioneer of the living creation and play a vital role in mine restoration (Singh et al., 2011b; Li et al., 2012; Ma et al., 2016) High concentrations of metal in soil are toxic to bacteria and fungi, but the roots of most plants growing in polluted soils are colonized by A.M. fungi (Shetty et al., 1994a) . This is an indication of the ability of A.M. fungi to develop tolerance to contaminants. Most studies aimed at evaluating the relationship between AMF and plants in soil contaminated with high metals have found increased tolerance and reduced damage in mycorrhizal plants (Shaker-Koohi, 2014) . The species richness of AMF in mining areas has also been reported to be inversely related to soil high metal levels. The metals Zn, Cu, and Pb (Klauberg-Filho et al., 2002) ; Pb and Zn (Zarei et al., 2010) ; and Al, As, Ba, Cd, Cr, Cu, Pb, Se, Sr, and Zn (Biró et al., 2005) are some of the metals involved in reducing the diversity of mycobionts. However, despite the apparent exclusion of species and increased dominance imposed by the environmental damage generated by mining, AMF communities are rarely composed of less than 10 species. In areas of bauxite mining in Brazil, the number of species was found to vary from six (Melloni et al., 2003) to 21 (Silva et al., 2005) .
When metals are at toxic concentrations in soil, mycorrhizal rather than nonmycorrhizal host plants are able to colonize these polluted sites (Shetty et al., 1994a, b) . Thus, mycorrhizal colonization may be the key to plant survival in contaminated environments by enhancing metal resistance in plants and also by improving the uptake of essential nutrients. Nevertheless, metal resistance in A.M. fungi has not been extensively investigated with respect to their host plants (Meharg and Cairney, 2000) . These studies demonstrate that plants are able to adapt quickly. Arbuscular mycorrhizal fungi, which are associated with most plant species and can serve as intermediaries for the uptake of soil nutrients, might be particularly important in mine tailings (Taheri and Bever, 2010) . For example, Cumming and Ning (2003) found that A.M. fungi conferred Al resistance to Andropogon virginicus L. reducing Al uptake and translocation in host plants. The response of plants to mycorrhizal colonization combined with toxic metal exposure varies depending on plant species, fungal community, biotic and abiotic conditions, concentration of toxins, and pH. This suggests complex interactions involving many variables (Dietterich et al., 2017; Maynard et al., 2018) .
Yet, few studies have examined plant response in terms of the adaptation of their symbionts, particularly in comparison to unadapted communities (Taheri and Bever, 2010) . Furthermore, the impact of A.M. fungi community on soil quality is important in that it helps us to understand the function of the ecosystems. Relevant studies can provide important guidance for maintaining the balance of the soil-plant system and the development of sustainable agriculture (Huang et al., 2014) . Mycorrhizal infection can increase the absorption of various mineral nutrients by the host plants (Smith et al., 2011; Wang et al., 2011) , improve the host plant's water utilization efficiency under drought conditions (Augé, 2001; Huang et al., 2011; Tian et al., 2013) , improve the host plant's resistance to salinity and heavy metals (Bothe et al., 2010; Garg and Kaur, 2013) and improve the host plant's resistance to disease. (Wehner et al., 2010; Meyer et al., 2013) Since one part of the morphological structure of A.M. fungi is located in the plant roots, and the other part in the soil, its infection will inevitably affect both the host plant and soil ecology. Studies on the distribution and infection rates of mycorrhizal spores in mining areas around the world and also studies to determine the types of spores are gaining more importance with each passing day. However, there are no studies on the mycorrhizae that exist in mining areas in Turkey. So, we determined the rate of mycorrhizal colonization in the plant root, the number of mycorrhizal spores in the plant rhizosphere and conducted the morphological identification of mycorrhizal spore species in various different plants growing in the vicinity of an aluminum mineral deposit. In doing so, we endeavored to make a general contribution to knowledge about the mycorrhizal state of these particular areas.
Figure 1. Research area (Seydişehir Mortaş Bauxite Deposit) and locations of sampling points
The Seydişehir-Akseki-Alanya district is of major economic importance and was investigated in the early 60's by A. Egger, who produced an unpublished detailed map of the regional geology of the area. The Seydişehir deposits contain a total of 26.3 million tons of high-alumina boehmite bauxite at 55-67% Al2O3. Detailed exploration of the Seydisehir deposits by ETI Aluminum established a reserve of boehmitic bauxite measuring 25.8 million tons at 57-58% Al2O3, 6 million tons of which have already been mined (Öztürk et al., 2002) .
The mean meteorological data of Seydişehir District (where the sampling area is located) for the study period (January-December 2017) were obtained from the 8 th Konya Provincial Directorate of Meteorology. According to the data, the mean maximum temperature was 18.6 °C; the mean minimum temperature was 6.61 °C; the average temperature was 12.60 °C and the temperature distribution was generally around the seasonal norms throughout the year. Total annual precipitation was 746.40 mm with 53.89% of this precipitation occurring in the winter season, and 20.72% in fall. The periods of summer and spring were arid. In the locality, annual average wind velocity is 1.5 m/s. Dominant wind direction is north-northwest and average velocity of the winds blowing from this direction is 1.2 m/s. The averaged soil temperature in the locality is 16.1 °C in 5 cm depth; 15.8 °C in 10 cm depth; 15.1 °C in 20 cm depth;15.6 °C in 50 cm depth; and 15.6 °C in 100 cm depth.
Soil sampling and hosts
Soil samples were taken through random sampling in autumn in 2017. The samples were taken from soil layers at 0 to 20 cm below the surface (where the plant roots are the most extensive and thus the activities of microorganisms are the highest) using a spade to collect about 1 kg of soil. A quantity of the sampled soils was kept at +4 °C in a refrigerator so that microbiological analyses could be made. Later, the sampled soils were dried in air and passed through a 2 mm sieve in preparation for other analyses (some physical and some chemical). The number of soil samples was based on the number of the most prevalent perennial plants (The species were Asteraceae: Onopordum acanthium subsp. acanthium (1), Poaceae: Festuca glauca syn F. cinerea F. ovina var glauca (2), Euphorbiaceae: Euphorbia helioscopia L. (3 and 9: The same plant was sampled at a different distance to the pit), Plantaginaceae: Plantago lanceolata L. (4 and 8: The same plant was sampled at a different distance to the pit), Lamiaceae: Salvia officinalis L. and Mentha pulegium L. (5 and 6 respectively), Scrophulariaceae: Verbascum thapsus L. (7) , Iridaceae: Crocus sativus L. (10) . Samples of three of each of the aforementioned plants were taken from the sampling area, and the means of the values obtained from the three plants were used in the analyses. Plant names, localization and heights are presented in Table 1 . The plants were described by Davis (1965 Davis ( -1985 . In this study, the total number of plants is 10, but there are 8 different plants in these 10. Three and eight are the same, and also four and nine are the same plant varieties and they are indicated as different sample numbers since those are sampled from different locations.
Some microbiological, physical and chemical properties of the studied site soils
The taken soil samples were air dried and passed through a 2 mm sieve before being analyzed in the laboratory. The analyses were conducted to determine soil characteristics, such as electrical conductivity (EC), pH, CaCO3, organic matter, and texture. The electrical conductivity (EC) and pH of the samples were determined using an electrical meter and a pH meter, respectively (Richards, 1954) . CaCO3 percentage was determined according to Hızalan and Ünal (1965) ; organic matter according to Jackson (1958) ; texture according to Bouyoucos (1995) by means of the hydrometer method. Total nitrogen was determined according to Bremner (1996) using the Kjeldahl method, and available phosphorus was determined by the Olsen method (Olsen et al., 1954) . Ammonium acetate solution (1 N, pH 7) was used to determine exchangeable Ca, Mg and K (Thomas, 1982) . Available Fe, Cu, Mn and Zn were determined by atomic absorption spectrophotometry using DTPA extraction methods (Lindsay and Norwell, 1978) . The sampled soils were subjected to microbiological analyses with their natural moisture content. The oven dry weights of the soils were determined and calculations were made according to the oven dry soil weight. Soil respiration was determined according to Isermeyer (1952) ; total bacteria and fungi count were determined according to the soil dilution and plate count method (Drews, 1983) . The dehydrogenase activity (DHA) of the soils was determined according to Thalmann (1968) ; catalase activity (CA) was measured using the method by Beck (1971) ; urease activity was assayed using the method by Hoffmann and Teicher (1961) . The percentage of root colonization was calculated by the gridline intersect method and, when the amount of roots was low by the slide method (Giovanetti and Mosse, 1980). The percentage of AM colonization was calculated as the number of segments infected out of 100 segments that were examined under a stereo microscope at 40X magnification (Giovanneti and Mosse, 1980) . All the soil analyses and measurements were carried out in triplicate and the mean values were used in the statistical analysis. 
Assessment of arbuscular mycorrhizal fungi colonization and spores
The root samples were cleaned carefully with deionized water and stained using the method described by Phillips and Hayman (1970) , and the percentage colonization was calculated using the gridline intersect method (Giovanneti and Mosse, 1980) . The spores were quantified and characterized according to the sieving and decanting procedure developed by Gerdeman and Nicolson (1963) and INVAM (2004) . Spore quantification was examined under a stereomicroscope (Olympus SX 60 trinocular microscope) at 40X magnification. For spore observation and identification, the spores were mounted on glass slides and identified to genus level, whenever possible, using a compound microscope (Euromex-Novex B-Series) at 100-400X magnification, based on the descriptions in Brundrett et al. (1996) and the information from the INVAM website (INVAM, 2004) .
Data analysis
The data obtained were statistically analyzed using one-way analysis of variance and the means were separated by Duncan's multiple range test (P < 0.01 and 0.05) using Minitab 16 software. Correlation analysis was also performed. Correlation coefficient (r 2 ) was calculated between soil chemical features and mycorrhizal parameters (Minitab, 1997) .
Results and discussion

Physical and chemical properties of the site soil
The means and standard deviations of some physical and chemical properties of the soil samples taken in three replicates from the rhizosphere soils of 10 plants (8 different plants) sampled around the SAPBD are given in Table 2 . Regarding the soil characteristics of the survey area: pH varied between 5.77 and 7.36, organic matter content between 1.69 and 5.27%, electrical conductivity between 113.73 and 299.33 dS/cm, and percentage of CaCO3 between 1.69 and 50.68; texture classes were Loam, Silty Loam, Sandy Loam and Sandy Clay Loam ( Table 2 ).
In addition, the contents of some micro and macro elements found in the soils sampled are presented in Table 3 .
Root colonization of A.M. fungi
The roots of all 10 host plants were colonized by A.M. fungi, but the degree of colonization varied both among plant species and dependent on soil properties ( Table 5 ). Typical A.M. fungal structures, i.e. arbuscules and vesicles ( Fig. 2a -c, f) were observed in the roots of all host plants but moniliform cell and dark septate endophytic fungal hyphea ( Fig. 2d-e ) were observed only in the roots of Euphorbia helioscopia L. (Euphorbiaceae). The colonization of vesicles varied from 0.00% to 83.54%, the colonization of arbuscules varied from 79.34% to 100%, and the colonization of hyphae varied from 0.00% to 60.33%. The highest vesicle and arbuscule rates were obtained from Euphorbia helioscopia L. (83.54%-100%), and the highest hyphae rate was obtained from Festuca glauca (60.33%). Statistically significant differences were observed among the rhizospheres of different plant species (P < 0.01 and P < 0.05) ( Table 4 ). The mycorrhizal structures (arbuscules, vesicles and hypha) and also spore percentages were significantly higher (87.67 number/10 g soil) in the Euphorbia helioscopia L. compared to other plants and other rhizosphere soils. Among the mycorrhizal parameters examined in plant roots, a positive correlation was found between vesicle rate and arbuscule rate at a significant level (P < 0.01, r = 0.6447), and a significant and positive correlation (P < 0.05, r = 0.5009) was also found between vesicle rate and dehydrogenase activity. In addition to the positive and significant relationship between arbuscule rate and vesicle rate (P < 0.01), a positive and significant relationship was again detected between arbuscule rate and the number of spores per screen opening 50-100 µm in diameter (P < 0.01, r = 0.6306), and there was also a positive and significant relationship between arbuscule rate and urease enzyme activity (P < 0.01, r = 0.3932). By contrast, a negative and significant correlation was detected between arbuscule rate and hyphae rate and between arbuscule rate and root length (P < 0.05, r = -0.3784 and r = -0.5362, respectively in Table 5 ).
The photographs of the different formations exhibited by arbuscular mycorrhizal and DSE fungal colonization observed in plant roots are shown in Figure 2a 
Spore density of A.M. fungi
The total A.M. fungi spore density ranged between 24.33-87.67 count/10 g soil in the rhizosphere zone of the ten host plants. The highest A.M. fungi spore density was observed in the rhizosphere of the plant Euphorbia helioscopia L., and the lowest A.M. fungi spore density (24.33-26.00-26.00 count/10 g soil) was obtained in the rhizosphere of Verbascum thapsus L. and Plantago lanceolata L. (Two plants sampled). On the other hand, the distribution of spore numbers varied according to sieve size and plant variety. The highest spore counts were taken from smaller size (38-50 µm) while the lowest spore counts were taken from larger size (>250 µm) sieves.
Considering all sieve sizes, the highest spore count in the 38-50 µm sieve was found at the rhizosphere region of Onorpodum acanthium (46.67 number/10 g soil), the highest spore count in the 50-100 and 100-250 µm sieves was found at the rhizosphere region of Euphoria helioscopia L. (39.00-32.00 number/10 g soil) and the highest spore count in the > 250 µm sieve (6.67 number/10 g soil) was found at the rhizosphere region of Mentha pulegium L. ( Table 4 ).
As can also be seen from Table 5 , the correlation analysis carried out in the study revealed that there was a positive and significant relationship between the total number of spores and the number of spores remaining in the 30-50 µm sieve, and also between the total number of spores and the microbial respiration value and the total number of bacteria (P < 0.01, r = 0.6969, r = 0.7609, r = 0.7404, respectively). Similarly, a positive and significant relationship was again found (P < 0.01) between the total number of spores and the number of spores remaining in the 100-150 µm sieve, and between catalase urease enzyme activities and the total number of fungi (r = 0.4558, r = 0.5233, r = 0.4169, r = 0.5425, respectively) ( Table 5 ).
Evaluation of certain biological properties of the research area soil
Certain mycorrhizal parameters, as well as microbiological properties of the research soils, were analyzed. In this scope, the dehydrogenase, catalase and urease activities of the soils, total number of fungus, bacteria, and microbial respiration values were determined. Of the parameters mentioned above, the highest values in terms of dehydrogenase, urease and catalase activities, vesicle-arbuscule rates, and the total number of mycorrhizal spores were obtained from the root rhizosphere of the plant Euphorbia helioscopia L. In addition, as the result of the distribution of the total number of mycorrhizal spores with respect to sieve diameter, the highest number of spores remaining on the 50-100 µm and 100-250 µm sieves were also obtained from the rhizosphere of the same plant. Also, DSE fungal structures were determined from the root rhizosphere of the plant Euphorbia helioscopia L. Of the interpretations regarding the significance levels and degrees of the bilateral relationships between the analyzed biological parameters, those that are related to mycorrhizal parameters were presented above. The correlation analyses conducted on the root length data showed that there was a significant (P = 0.05) and positive (0.4911) relationship between root length and hypha rate; a significant (P = 0.05) and negative (-0.5362) relationship between root length and arbuscule rate; also, a significant (P = 0.01) and negative relationship between root length and the number of spores remaining on the 50-100 µm sieve. While a significant (P < 0.05) and positive (0.4203) correlation was determined between dehydrogenase enzyme activity and urease enzyme activity, again a positive (r = 0.4963) correlation was found at the same level (P < 0.05) between dehydrogenase activity and total number of bacteria. It was determined that there was a positive correlation (P < 0.01) between catalase enzyme activity and microbial respiration, and the number of spores remaining on the 35-50 µm sieve (r = 0.7995, r = 0.7047, respectively); also a positive correlation (P < 0.05) was found between catalase enzyme activity and the number of spores remaining on the 50-100 µm sieve, and hypha rate (r = 0.4092, r = 0.4313 respectively). From another enzyme analysis carried out in the soil, it was determined that there was a significant and positive correlation (P < 0.05) between urease enzyme activity and number of spores remaining on the 50-100 µm sieve, dehydrogenase enzyme activity, and total number of bacteria (r = 0.5339, r = 0.4203, r = 0.5497, respectively) ( Table 5 ).
Determination of morphological diagnosis of A.M. fungi
Morphological identifications were made for A.M. fungi spores that were isolated from the rhizosphere zones of the plants sampled from mining areas. The A.M. fungal spores counted in the study were found to belong to three different mycorrhizal fungi genera and the counting results were compared to one another. The plants that were in symbiosis with Acaulospora, Glomus and Scutellospora were found as Onopordum acanthium, Euphorbia helioscopia L., Plantago lanceolata L., and Crocus sativus L.. The highest number of mycorrhizal spores was detected in Glomus sp. The present study recorded a total of three A.M. fungal genera: Glomus sp. (Fig. 3a, 3i) , 
Discussion
From all of the findings, it can be said that both the distributions of mycorrhizal spores in the soil and the infection rates they formed in the plant roots may vary in the same plant and soil even in short term intervals. For this reason, the data obtained from microbiological studies in which mycorrhizal distribution and infection rates are determined can only represent the moment of collection and are valid for only a short period of time. Since microbiological parameters can be affected by various factors and the action mechanism is again a living organism system, the cycle of effective factors is both quick and fluctuated. In addition, although the distances among the locations where the mining area plants used in our study were sampled were not very far, differences were still observed in the mycorrhizal parameters measured in the soils and the plants, and also in the results of the analyses of the activities of other microorganisms, and these differences were found to be statistically significant (P < 0.05), which confirms the statements explained above. (Durrani et al., 1987; Zhang and Guo, 2006) . In addition to various medical and known properties of the plant, researchers conducted and have been continuing to carry out several studies on the use of the plant in agriculture and on its insecticide properties (Uzair et al., 2009 ). However, there are no studies on the potential of arbuscular mycorrhizal organisms that have a mutualistic symbiotic association with the root of Euphorbia helioscopia L. in the soil and their effects on the infection of mycorrhizal fungus spores in the plant root. For this reason, the data obtained in the present study could serve as a base for the future studies on similar topics.
In terms of the parameters examined in the study; although the values obtained from Euphorbia helioscopia L. were found to be higher compared to other plants, mycorrhizal fungus spores were observed in the root rhizospheres of all the plants examined in the study.
The spore numbers in the rhizosphere soil ranged between 24.33-87.67 spores per 10 g -l dry soil. The average spore count recorded was 53.99 spores per 10 g -l dry soil ( Table 4 ).
In terms of the parameters examined in the study, although the values obtained from Euphorbia helioscopia L. were found to be higher compared to other plants, mycorrhizal fungus spores were observed in the root rhizospheres of all the plants examined in the study.
In the same way, arbuscule, vesicle, and hypha formations, which are among mycorrhizal parameters, were detected in the roots of all the plants. The A.M. fungi infection rate ranged between 0-83.54% (vesicle rate), 79.34-100% (arbuscule rate) and 0-60.33% (hypha rate) and the mean A.M. fungi infection rates recorded were 44.61-88.33-26.60% as vesicle, arbuscule and hypha rates, respectively.
In addition, as can be seen from the correlation values in Table 5 , there is a very strict and positive interaction between the mycorrhizal spore distribution in the soil and the other microbiological parameters of the soil analyzed in the study. The effect of soil enzymes is particularly noticeable in this interaction. Soil enzyme activity has been widely used to evaluate soil management effects (Dick, 1994; Bandick and Dick, 1999; Utobo and Tewari, 2014) . The application of microorganism quantity and soil enzyme activity when investigating the effects of mycorrhizal fungi on soil ecosystem functions can improve our understanding of the correlation between mycorrhizal fungi and soil ecosystem functions. Many studies have shown that mycorrhizal colonization may affect the soil microbial communities either directly or indirectly through root exudates (Nuccio et In this paper, vesicle, arbuscule, and hypha rates also showed a relationship particularly with soil enzymes in addition to other microbiological parameters. The interactions of vesicle, arbuscule, and hypha rates with the enzymes in the soil were found to be different from one another. That is, a positive and significant correlation (P < 0.01) was found between the vesicle rate determined in the plant roots and dehydrogenase enzyme activity, between arbuscule rate and urease enzyme activity, and between hypha rate and catalase enzyme activity. This interaction of mycorrhizal formations in the plant root with the presence of enzymes outside the root could be attributed to the fact that the enzymes mentioned have an effect on the existence of organic matter in the soil.
As a matter of fact, the finding that among the nine plants used in the study, the highest results for certain biological analyses were generally obtained from the root rhizosphere of the same plant could be explained by the fact that the plant has a specific structure and also that the soil in which it grows has a high content of organic matter, with this organic matter being a source of substrate for the enzymes mentioned above. Thus, urease is an extracellular enzyme that provides the hydrolysis of urea reaching the soil in various ways (plant residuals, animal tissues, and fertilizers). After these enzymes are produced by the soil microorganisms to decompose the nutrient substances, they are kept by colloids of soils such as clay and organic matter and can sustain their activities independent of the microorganism cell producing these enzymes. The distribution of urease activity in the soils in the study area is shown in Table 4 . In the soils studied, the values of urease activity were obtained between 8.71-77.87 μg per N g dry soil -1 and it was seen that the highest activity occurred in the soil taken from the rhizosphere of the plant Euphorbia helioscopia L. (Euphorbiaceae) (no.9), which had the lowest pH (5.77), while the lowest activity was observed in the soil taken from the rhizosphere of the plant Verbascum thapsus L. (Scrophulariaceae). Similar values of urease activity were also obtained by Douglas and Bremner (1971) On the other hand, dehydrogenase activity is used when assessing total microbiological activity in soils. However, this enzyme activity is not generally associated with the total number of microorganisms. Dehydrogenase activity is largely affected by environmental factors such as soil moisture and temperature, and by soil properties such as organic matter (Carpenter et al., 1995; Lipson et al., 1999) . Therefore, the activity of this enzyme yields its microbiological activity at the moment when the soil sample is taken. However, the highest dehydrogenase activity was obtained from the soil in which the highest urease enzyme activity was obtained, i.e. from the rhizosphere soil of the plant Euphorbia helioscopia L. (Euphorbiaceae (no.9) as 14.27 μg TPF per 1 g dry soil -1 . This rhizosphere soil had a high number of mycorrhizal spores (83 in 10 g soil -1 ) and the highest number of bacteria (26 × 10 5 kob/ml). The distribution of dehydrogenase activity in the study area soils is shown in Table 4 . The results obtained from dehydrogenase activity of this paper were close to Ross (1970) Catalase activity is a criterion used when assessing aerobic microorganisms in soils. Therefore, the catalase activity of soils indicates the desire of soil microorganisms to live in aerobic conditions. Catalase activity varies depending on the aeration condition of soils, O2 concentration in the soil air, and the number of microorganisms (Schinner et al., 1996; Smith and Read, 2008) . The distribution of catalase activity of the common plants existing in the rhizosphere soils around the SAPBD is shown in Table 4 .
It was found that the catalase activity of the common plants in the rhizosphere soils around the SAPBD ranged between 0.6-7 ml O2 per 5 g dry soil -1 and that the soil with the highest activity was that of the plant Euphorbia helioscopia L. (Euphorbiaceae) (no.9). It was also found that this soil had the highest organic matter content (5.27%) and the lowest CaCO3 content (1.69%). In the literature Kızılkaya et al. (1998b, c) , Garcia et al. (2000) , Abdel Latef and Chaoxing (2011) also found their results in this range. In addition, Samuel et al. (2008) reported in their study that catalase activity was higher in the 0-20 cm part of the soil, i.e. in its top layer where there are more oxygen and more organic matter. Hence, they suggested that alternation had positive effects on the enzyme activity compared to monoculture.
The values regarding the CO2 production of the soils sampled from the rhizosphere zones of the common plants around the SAPBD are shown in Table 4 . Carbon dioxide production is used as an indicator of microbial activity in the soil. While heterotopicqualified microorganisms in the soil decompose the organic matter, they produce CO2. This process continuing in the soil is also referred to as soil respiration. Although all conditions (moisture, temperature, etc.) affecting the soil microorganisms affect the amount of CO2, soil organic matter is the main soil property affecting the CO2 production (Cheng, 1999) . It was found that the CO2 production in the rhizosphere soils of the prevalent plants around the SAPBD ranged between 31.62-73.06 mg CO2 10 g dry soil -1 , and the soil with the highest CO2 production was again detected in the rhizosphere soil of the plant Euphorbia helioscopia L. (Euphorbiaceae) (no.3), which had the highest organic matter content (5.27%) and the lowest lime content (1.69% CaCO3). Kızılkaya et al. (1998c) investigated the microbiological properties of the soils of the Harran Plain and found that CO2 production varied between 4,5-70,3 mg CO2 per 100 g soil -1 , Kızılkaya et al. (1998b) found that CO2 production varied between 15. On the other hand, three different spore species (Glomus sp., Acaulospora sp. and Entrophospora sp.) belonging to A.M. fungi were identified in the rhizosphere zones of the 10 plants. In the present study, since the spores isolated from the root rhizosphere region were directly prepared as slides without performing trap culture, a very clear image could not be taken from the spores and methodologically the spores could be identified only based on genus. 
Conclusions
This is the first study that has attempted to describe the diversity and distribution of A.M. fungi in the mine area rhizosphere soils in Turkey. Mycorrhizal parameters (infection rate, spore count, and morphological identification) were not examined on a very large number of host plants. Only the host plants that are dominant in the sampling area and in the sampling season were collected. The plants that were sampled around mine areas are available in every season, i.e. they do not exhibit any change. The plant species that are prevalently existent around Seydişehir Aluminum Plant in the autumn period.
In conclusion, the findings of this study emphasize the need for an understanding of the ecology of A.M. fungi in various ecosystems and soils for the successful selection and introduction of A.M. fungal species and strains for particular environments. A.M. fungi spore population in the soil and spore colonization in the plant root may change depending on seasonal variation, soil properties, host plant variety and the mechanism of the host plant (He et al., 2002; Bohrer, 2004 ).
In the present study, significant correlations were found both among the microbial parameters in the soil and among certain properties of the soil in general. The presence of life forms in a soil and their activity are among the most important indicators of that soil's health and quality. As a matter of fact, although the present study was carried out on soil and plant samples around a mining area, the high number and activity of the microorganisms in the soil in the sampling period could be due to the prevalence of non-culture plants growing in the soil in the study area.
In addition, of the three spore genera mentioned above, Acaulospora in particular was found to be not only a spore genus dominant in the plant root rhizospheres, but also a spore genus with a high infection rate in the plant roots from which it was isolated.
This gives rise to the opinion that this spore genus contains spore species that are potentially important for the areas in the vicinity of bauxite deposits, and that the use of these spore species in the rehabilitation of the soils that possess similar conditions could yield useful results. For further studies, the symbiosis of plant Euphorbia helioscopia L. with arbuscular mycorrhiza and with other fungi should be considered in studies involving stressed environments. In addition, the authors suggest that the benefits of symbiosis for stressed environments should be investigated in detail.
